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62. Mr. T. F. Connolly, M.Sc. 

A Variable Angle Collimator. 
By T. F. CONNOLLY, M S c .  

A collimator consists essentially of a good telescope object glass with 
a webbed or other diaphragm fixed in the " solar focus. The emergent 
rays for any point on the diaphragm are rendered parallel by the object 
glass, and the collimator thus conveniently takes the place of a fiducial 
mark or marks at an infinite distance. 

T h e  instrunient to be described differs from an ordinary collimator 
in having a biprism introduced between the webbed diaphragm and the 
object glass. With a suitably oriented biprism the effect is to produce 
two separate images of the central wire, which images are collimated by 
the object glass as though they were real wires. T h e  biprism is niounted 
in a short tube, which, sliding within the collimator body, not only pro- 
duces two wire images, but also varies the distance between the images 
as it slides along. This movement is given by means of a knob pro- 
jecting through a long slot in the collimator tube. 

The  biprism in the above could be replaced by either. a Rochon or a 
Wollaston prism, but these would show little advantage and are much 
more costly. 

The  above use of double image prisms is believed to be novel, though 
their use in a converging or parallel beam is well known. In Figs. 1 and 2, 
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FIG. 1 .  
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FIG. 2. 
extracted from Biot, Precis de Physique Tome 11, 1817, image sizes 
are being measured by such a contrivance. 
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The Measurement or Checking of Small Angular Intervals. 
T h e  above instrument provides a collimated system which gives a 

continuous variation in the angular separation of the two wires. If one 
edge of the slot is calibrated to correspond with this separation, a con- 
venient standard of angular measurement is available. An immediate 
and important use for such a standard is in connection with marking 
off or checking of stadia intervals in levels or theodolites, and for checking 
the spacing of the rulings in prism binoculars. 

In the experimental instrument as actually constructed, a 1.7 inch 
object glass of 15 inches focal length is used, and a 10 inch traverse can 
be given to the biprism (angle approximately 4 des.). In this system 
the apparent angular separation of the wires varies from 20 minutes of arc 

4. 

to just over 3 des. A diagrammatic section of the instrument is shown 
in Fig. 3. If the instrument is to be used exclusively as a collimator 
of variable angle for checking stadia diaphragms, a range of angular 
values from 10 minutes to over 1 deg. would be more suitable. This is 
most conveniently done by using a biprism of smaller angle. 

U s e  of the Instrument a s  a Focometer. 
If a lens, or any optical system forming a real image, is introduced 

into the parallel rays emerging from the collimator, real images of the 
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FIG. 5 .  
wires are formed. By sliding the biprism along the tube the distances 
apart of these images may be varied so as to coincide (Fig. 6) with two 
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pointers in an observing eyepiece. This eyepiece system may be of 
either the Ramsden (positive) or Huyghenian (negative) types (Figs. 4 
and 5). The  latter type has the advantage of having the pointer inside 
the optical system, and also shortens the overall length of the instru- 
ment. It is important, before adjusting the separation, that the colli- 
mator wires be carefully focussed by moving the eyepiece so that their 
images are exactly in the plane of the pointers. The parallax test for 
this adjustment gives good results, and is recommended. 

crosswires and adjusted their 
separation as above, the position of the biprism is a 
function of the true focal lensth or true dioptres of the 
lens or system under examination. One edge of the slot 
may be calibrated to show either of these values. 

Under experimental conditions, results consistent 
within 0.1 Dioptre (one tenth dioptre) have been ob- 
tained with powers varying from 2D to 10D. The 
slot, however, is long enough to allow calibration u p  to 

20D. This accuracy is ample for all ordinary use in the case of spec- 
tacle and most other lenses. 

The  instrument is still in its experimental stage, and hopes are enter- 
tained that, with some modifications (such as an achromatic biprism, &c.) 
it will be found capable of giving results much closer than the above, 
and of very considerable precision. 

For generous and continued assistance in the above work I am indebted 
to Mr. W. Shackleton, F.R.A.S., and I must also express my thanks 
to Mr .  S. W. Morrison, of the Ministry of Munitions, for his help and 
for opportune aid in erecting the apparatus for demonstration. 

After having carefully focussed the ” 
6. 

DISCUSSION 
On “ A  Variable  Angle Collimator and I t s  Application to the 

Determination of the Focal Lengths of Spectacle and other 
Lenses.” 

MR. S. D. CHALMERS said he did not see why Mr. Connolly had found 
it necessary to use a bi-prism. He thought in cases of that sort it would 
be sufficient to use a simple prism covering half the lens, and to  use a 
direct beam in the other case. In that way he thought very much greater 
accuracy of focussing would be obtained than by using the edge of the 
hi-prism to split the field into two halves and throwing two beams across 
one another. He had had some experience in measuring focal lenses 
by a device somewhat similar to that of Mr. Connolly, but without the 
variable separation of the images ; he had placed a prism ir i  front of the 
collimator and used half the collimator for the direct beam and half for 
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the edge beam. He had found it a very great advantage, indeed, to have 
the focus on the axis undisturbed. Half the collimator gave the axial 
beam, and he was able to determine the right focal position more accur- 
ately than when both beams were displaced. He had found it essential 
in that particular case also to screen the aperture with a monochromatic 
screen. If the prism were adjusted so that the deviation was a simple 
number, it was possible to obtain a fairly correct focal length of the lens 
without calculation. 
DR. REGINALD S. CLAY thought M r  Connolly’s was a very pretty 

method, and it was obviously one which could very easily be applied. 
If one wished to make the instrument more simply, the whole apparatus 
might be carried in a V, which might be made of two pieces of wood. 
If the eyepiece was mounted in a tube of the same size as the collimator, 
it would always be in line with the collimator. T h e  eyepiece could be 
put at the end of the V, and the collimator moved for the preliminary 
focussing ; a slight movement of the eyepiece would then give the neces- 
sary final adjustment. T h e  accuracy required for the focussing might 
be eliminated to a large extent if the leiis which was being measured 
were put at approximately its focal length from the collimator. 

FIG. 7. 
A B  C, Collimator : D, Biprisni : L, Lens to be tested : E,  Eyepiece : 0, Slit : A and E. Images 

of Slit  formed by the Biprism : S. Scale in Eyepiece. 

This would be known or could be found by a preliminary experiment. 
Then the beams which were entering it from each of the two images 
A and I3 of the collimator slit would cross at the front focal point of the 
lens, which will be at C, and so far as these two points are concerned 
the size of the image would be approximately the same, even if the eye- 
piece were not placed exactly at the right distance, and the effect of an 
error in focussing would be eliminated. It was quite possible-it could 
not he said without trying--however, that this might not give a good 
result on account of the aberration of the lenses. The method seemed 
to him a delightful one, and one which could be so quickly and readily 
applied that he thought the first thing he should do would be to go home 
and make a similar instrument. 

MR. T. SMITH agreed with Dr. Clay that the apparatus was a very 
convenient and compact one. H e  did not, however, gather from Mr. 
Connolly’s remarks what was the kind of accuracy at which he was aiming. 
If seemed to  him that the apparatus as shown was not quite suitable for 
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work really demanding considerable accuracy, but that it could be made 
so if the Huygenian eyepiece was abandoned and a Ramsden eyepiece 
substituted. With the Huygenian eyepiece as it stood, Dr. Clay’s sug- 
gestion was incorrect. 

DR. CLAY (interposing) said he quite agreed that his suggestion did 
not apply to the Huygenian eyepiece. 

MR. T. SMITH said the accuracy of the arrangement as it stood depended 
entirely on the accuracy with which it was possible to focus, and errors 
due to imperfect focussing were only eliminated for one particular focal 
length of the lens under test. Whether that was in practice a serious 
matter or not Mr. Connolly would no doubt be able to say, but 
by putting in place of the Huygenian eyepiece a Ramsden, and 
adopting the suggestion which Dr. Clay had put forward, that source 
of error would disappear. 

THE PRESIDENT pointed out that in his opinion there was one serious 
objection to the apparatus. What Mr. Conolly was doing, so far as he 
understood it, was to measure the equivalent focal-length of a system 
which consisted of the lens being tested combined with the field-lens 
of the eyepiece. In order, therefore, that the focal-length, or power, 
of the lens being tested should be determined it would be necessary to 
employ a positive and not a negative eyepiece. 

Let fi = the focal-length of the lens being tested, and fi that of the 
field-lens of the Huygenian eyepiece employed. Further, let d = the 
distance of the field-lens, inside the focus of the lens being tested, when 
the measurement is made, and f the focal-length of the combination of 
the lens being tested and the field-lens of the eyepiece ; then the follow- 
ing relationship obtains :- 

1 1  d 7 =-& - jj 
i.e., the focal-power of the lens being tested is equal to the focal-power 
of the combination multiplied by a constant. 

The negative eyepiece must necessarily introduce a serious error, and 
further. It was iniportant to bear in mind that what was wanted in the 
case of spectacle lenses was not the equivalent focal-length but the back 
focal-length. 

The function of a spectacle lens is to project an image of an external 
object into the plane of the far-point of the eye. It did not matter what 
the focal-length was so long as the lens employed projected the image 
of the external object into the plane of the far-point. That had been 
pointed out of late years in Germany in connection with the catarclct 
glasses made by the firm of Carl Zeiss, with one aspherical surface, 
which gave a field of view of something like 50 deg. 
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This firm invented a focometer for that particular work which measured, 
not the equivalent focal-length, but the back focal-length in every case. 
Then, having got the back focal-length, it was only necessary to ensure 
in fitting them to spectacles that there was a certain distance between 
the vertex of the lens and the vertex of the cornea to ensure that an image 
of the object was projected Into the plane of the far-point. Apart from 
that, he thought the apparatus was very ingenious, and would serve as 
a very useful and suggestive addition to their stock of optical devices, 

Mr. Connolly’s Reply. 
MR. CONNOLLY said he would deal first with the President’s remarks. 

He cordially agreed with all that the President had said about the value 
of the back focal-length ; only, unfortunately, he (Mr. Connolly) had 
been dealing with facts as he found them. That was to say, he had been 
dealing with the normal test-case, and the Optical Society’s standards 
which were founded on the equi-convex system and on true focal-lengths. 
If the determination of the back focal-length was needful. a modification 
could he introduced. 

T h e  use of the instrument was not limited to spectacle lenses, and it 
was primarily designed to measure true and not back focal-lengths. 

He was afraid that he must disagree with the President’s statement 
that “ the negative eyepiece must necessarily introduce a serious error. 
Confining the discussion to first order theory, the negative eyepiece is 
guiltless of causing any error at all in the final result. In the President’s 
own words, resulting from the formula quoted, “ t h e  focal power of the 
lens being tested is equal to the focal power of the combination multi- 
plied by a constant.” T h e  multiplication by a constant only means a 
shifting of the scale in the initial calibration, and is made with ease. It 
is not necessary but merely more convenient to use a negative eyepiece, 
and there is no resulting error. 

MR. S. D. CHALMERS, interposing, said the eyepiece would always 
magnify the image the same number of times, and that magnification 
was allowed for in calibration. The  field lens of the eyepiece would 
magnify the image, and, therefore, apparently magnify the focal length, 
but this magnification was always the same, and was eliminated by 
empirical calibration. 

9, 

MR. CONNOLLY. Quite so. 

In continuing, Mr. CONNOLLY said Dr.  Clay’s suggestion was excellent 
-a sort of telecentric system-but it had one practical disadvantage, 
that it increased the length of the whole system. If a 2D lens of 20 ins. 
focal-length was .under examination, it was becoming a cumbersome 
instrument. The suggestion had been thought of, but neglected for the 
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simple reason of securing compactness ; and the errors of focus were, 
in fact, not serious. 

The suggestions of Mr. Chalmers were interesting and of considerable 
value, hut could not be embodied conveniently in the present variable 
angle instrument. 

The value of a bi-prism, as against a single prism, is that any specified 
separation is obtained with a prism angle only half as large and con- 
sequently with much smaller chromatic and other aberrations. 

A paper- “ On the Design and Testing of Telescope Objectives,” by 
P. F. Everitt, B.Sc., was also part!y read, but in consequence of restric- 
tion of time i t  was necessary to postpone the discussion until the May 
mee:ing. Ir, order, therefore, to present the paper to members of the 
Society in a complete form, it will appear in the May number of the 
Transactions, together with the discussion and other remarks upon it 
which have been communicated in writing. 

ABSTRACTS. 
“ DOUBLE REFRACTION IN METALLIC FILMS BY KATHODE VOLATIL~SA- 

TION,” by Carl Bergholm. (Dissertation, Upsala, 191 5.  Abstract 
by H. Kriiss. ZEIT. FUR INSTR. 36, pp. 278-279, 1916.) 

Having reviewed the history of the double refraction displayed by such 
films, the author develops the theory of the half-shade compensator of 
Brace, because the double refraction of Brace gratings is of the same 
nature. In this instrument the compensator, a mica plate, is between 
the two crossed nicols, and between the compensator and poleriser is 
introduced a small strip of mica so as to take up the middle of the reel ; 
the compensator can be turned, and at a certain position all the parts 
of the field will appear of the same brightness. This uniformity is dis- 
turbed by the interposition of any doubly-refracting plate between the 
polariser and compensator ; uniformity is restored by rotating the com- 
pensator, and from the angle the phase difference produced is estimated. 
As in the instrument of Brace, the mica strip, 0’001 mm. in thickness 
and perfectly plane parallel, is embedded in Canada balsam between 
two cover glasses. Maxi- 
mum brightness being desirable, different methods may be advisable 
for different ranges of phase difference. The methods are not all equally 
accurate, however. The author further experimented on the best methods 

The apparatus can be used in various ways. 


